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(57) Abstract: A photomultiplier having a structure for easily re- 
alizing high detection accuracy and microfabrication and its manu- 
facturing method are disclosed. The photomultiplier (la) comprises 
an enclosure (2, 3, 4) the inside of which is maintained in a vac- 
uum state. In the enclosure (2, 3, 4), a photoelectric surface (22) for 
emitting electrons in response to the incident light, an electron mul- 
tiplying section (31) for cascade-multiplying electrons emitted from 
the photoelectric surface (22), and an anode (32) for extracting sec- 
ondary electrons produced by the electron multiplying section (31) 
are provided. A part of the enclosure (2, 3, 4) is composed of glass 
substrates (20, 40) each having a flat portion. On the flat portions 
of the glass substrates (20, 40), the electron multiplying section (31) 
and the anode (32) are two-dimensionally arranged, respectively. 
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[oooi] zommn. ftnmK£^x&f&£titcytntt#xtr—\ f mm'rz>n*mm&& 

[0002] ^3fe&>k3fc*>i^LT3teft^itffirtff (PMT: Photo-Multiplier Tube) jfitobtlX 

v^„ yzm^mi^n, 3te^m^-t-^#-r^5tem®(photocathode),ft^:mte, m 
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mm^n^ftKmttffi^&xx^—h*mmmfrtiZo 

toon] z<Dmmte&zftn*mfeW\z&^x, ^mm^mmMximmn, ^mmv 
-^m^ir^mm^u—^hm&mmmm^t^Mx\^^mm^n^ 

^etife. mmyu-^^tc^m^mm^mtii&mir^b^x^ ^v^^ 

[0012] z.(Dmw im&itm^mmmz.^ vr\ ^f^unR^v 

±m^9^mmmM^-^) brnm^-^b^m^-bmrnK. ±m^— 

^(riM^—j^bmm^u—j^t(Dm^ rxi, mm?u— j±b±m^— j^bom 
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[0015] ^v^T, _LfBflB£7v— m^im^^M^^-, i^&rmft 

[ooi6] ^.comm K&zftm*mi& i &<DM&j7&vY&, ^m^x^mm^—^ 
mwmxm^ ti7w-a, aji7v-a, &r^±fli7v- A-e«^$tv§^^ 

[0017] ^-c, ±M±.m7^—j*frtf^ttPcfrhtez>W;&. mrm^—^tthimm 

[0018] ±IB±ffl!|7W— AdS^yn^^^^SJ^, m±m7\s— Al£tf\ Si® 

[0019] &*5, ^CD^ ^T^P^a^M^L^WBIffit-i^^fe^ 
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©Do 

So 

[09]«,^(D^0J^#§^X^W»^4|IWtJ(D#it^i-E|-efc^ o 

[mio]f*. 3ijfifS©^^«feSriftw-r5fe«)©ig-eS)5(-t©i) 0 
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[0025] mm, ^<Dmmm%ftm^Mm^<DWimMM<Dmm&Birm%imx$>z> 0 r 
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^WBx^^tc^m^m^m^Mnvxn<^tKx^r.^m^^^-m 
[0026] m2«, mu^&tifr% l m?mfeWia$:-tM7i — ^2, ^71^—^3, 

S«20^S#^bT*^$ttTV >£ 0 #9*^20©^ffi20atCfc£$e7gtf>[HJg|S201 
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&ttfa<D—ffii&mztet&£tix\< jf9xmfa2o<D3m20abMfa~r%m20b 

HlH:?L202j5SK»tbttT*39, ?L202f«mffi22^Sb-CV^ o JL202rtl3ir±3t« 
®^21^gBg$tL, K3te«Sl«S J ? : 21tt3fe«ie22lCgHttbTV^ 0 

m»>j-m, ^f^wm^^_h#j7w-A2 s mmMmtvxmmirZo 

[0027] l«T7W-i»3te. m7#TO^^v'y=3^S«30^SWi:LT*^$tL-CV^?> o 

^>mtR30<D±m30afrb^foKmfairZ>m30blZ\ti\fr<>X^ i^301&VII 
g|33027)S^$^bTV^ o Dfl^301 / S-TOii^302»#^^:(D5a P^^-trfeoT 
, Ha§P301^tJ?MaifP302«SV>^jSM$ttT*5i9. ^rO^-M«^y^^«30<Z) 

[0028] IU]fP30lrt^{»^-iift§P3l7)S^$tbTV^ o m^-itf§^31«, M30KD 
JS§P301a7i^SV £5 ^l^LTl ^^^^31 l^l^o £5 fc, 

MR3i l^rti^tKDm la^mmm^tix^ >s 0 ^©is R3i i<^« (#«susr 
^«ffiM)^^js^3oia^«^m^wwm^^^m^m®^^ 

j££tir0^ 0 M311«IU]^301(D*^^^fp v o-Cl^^tL-C*5i9. 
^IM]§|5301(Z)^«^:(DEgi|^^^Tieg^, M«MM^302(3ieitff5:® 
^BB®$^TV>§ 0 HM§R302F^mi§«327y>IB®$;h/CV^ o ^32^KMfP3 
02OP fc g|i^(Dr H 1^^l^$|5^ttTlSg$^T*D'9, T#J^^-A4(-^*^X« 

[0029] ym^u— j*4^ mn^mvt^^mm^^m-tti^xm^tix^^o 

mU40<D^m40afrh^frllcM\"]irZ>m40biC\p}fr<>X, ?L401, ?L402, &7J??L 
4037)^^^^^^^ ?L401^^7fe«®j«^-4l7)S, JL402KnmM 
^42f)K ?L403^^^MIJ^437)^ ^tl^tlffi AH^^TV^o R&lfi 
i^42^IJli:7W— ^3<DB§ffi32tdg^LTl^ 0 
[0030] H|3«, Ell ^I-I^fp v ofc, ^lHJfe^J^S^W^^W la<D*5tSr^i- 

§5^^{»«®22^^$tvTV^o 3femffi22^«3femM^-21^ttLT5o«9 
, ^a^21^bT3femffi22^BJf^mi±^^7JP$^o _h#J:7^— A2<D^ffi 
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[0031] ±.M7^—J*2<Dm^20UcMfo1r%liLmia*mm7U— J*3<Dm^30lRXfM 
iitR302^@eg£tl/CV^o #Jii^U— A3<DM301&mS^if{§$B31/^@Eg£ 

fbxm, mU3oi(D—m(Dmbm^mBn3ib(D?^\a^^n3oihm^m^K 
^3im$.m-rz>z.bK?j:z>o iMmy^—^3(Dnm^302[HKnmm32mm^ti 

TV^o |^^32^KMf|3302COp fc 3li^b^VNj;5^Ha®$ttTV^(D-t:\ WiM32b 
MMW>302b(Dm\Z.nmMb302 S Lt>m$&fcX\^ o l£fc, G§*32teT#J:7W— 

[0032] #JM:7W— A3(Dffi30b (H2#M) ^TffiH^W— iv4<D^B40a(|2|2#JRO 

m^xn^wnm^ti^bKx^o^ TiM7^—j*4timm7u—A>3Km&tiz> 

o #J^I/-A3(Dm^ii^f|531tT#J^^-34^^^X{»t{C^ 

^Miijii7u-A3^^^rc^-e, ^ti^etimmm^u—j^Km^ti^bK 

3(D^v=t>mmoiz.mm\^x\ ^(dx\ ^mmm^4oi&x^mmwis^403K 
^tt^^(Dmm^^p«^^>y='>'^30(Ds^fBi(3fem®22d^3fe 
«^^^^$tt§^f^^^i-^f^,m^itTO3i^^m^^^t-^^[B] 

) ^m#:^££C£*5r^-e£3 0 T#J^i/-^4(Z)^s^402{i{iijii^ 

i/-a3(7)^32^^ltv^(d^\ mm32{cmmi^tim^m^-bi.xmm 

-t-b&x$z> 0 

[0034] ®4im, #J|g^W— A3(Dli^31l3ft^<D*5t^§tLTV>§ 0 ^^^30 
(D 30 1 ^IS^^T V 311 <Di%m K It fit R3 1 1 a^M§tltV >5„ 
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[0035] 3fc«^liffiFWiaW:, J^T©J;5H:»f^ir*r5o 1-fcfc>^ Tffl^V'— A4©3fe«ifi 

&*3, i/y=t^^30(D®^:^ioMQ-efe§o ^y^^«30(z>}£#tfgte, 

^m® 22frbm^mmi®3 i i-si jtb^m^f* W3 1 1 (Dwm&xrs* ^ km^h 
-tzmmiimtDmmoiaimmu »^-^*^^mi-s 0 n*mmmi 

femu32icmmu mm^402^hm^-ti,xmm^ri^ o 
[0036] m^z<DMimMMim%ftm^mm^<DM^mz^^xnwirz> 0 mm^t 
nfFtBmm&mtrzm&Ktt:. m.^44^(Diyv^mmm2<Dmmy^— A3 

^ |W|?f^»2|fc(D^f^^(|E|2(D_h#J^l/— ^^Xffl^W- ^ 

4(D«j^w#4)^^2p#$tL§ 0 -wbta*, n^ys^r^ 
m\^xtm~r%o 

[0037] *1\ 05^(D^Sj^(a) &^£;fr/c£5^ i¥$0. 3mm, Jt&#L30kQ -cmCO^y^ 

^h^y:n>if^bi^6o&tj^y^ 

0S.T^v'y=i^|^^bJ^61^, DEEP-RIE (Reactive Ion Etching) ^JPX0#(D^^^ 
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(DmM. KttJ&lrZ 70 1 tmmtsnxv ^ c i©tl^ynyWkj|6 1 ^ 

[0038] m5tp<Dmi&(b) l^£ntcytMfrh^*hm70frm^tlf^ DEEP-RIE 

m^3O2t^m32t(Dm(D^mKMf^ir^m^5oum0 l ^ri^ o ^wr, ms 
3 0 ux/^hm7uz.fe, m2(DMi%3iibmK3oibcDm<D^mzMfoir&m^7 

lib, m2(DMM^302tWi^32b<Dm^m^Mfo^%V££:^712b, |E|2<DM 

i$3imK<Dm<DmicM}fcir%^Mm^-&~f)b, t>m^tix\^ 0 ^.^m 
x^v^>WkmkWkQoi)^y^->?^tiz>b. m2<Dmu3iibm^3oib(Dm(D^. 
m^nfo~tz>m^nQoib, m2<Dnm&302bmm32b(Dm(DmM^nfo~rz>^ 
*^602i:. m2<Dmn3ii^K<Dr$<Dm^tt}fcir%¥£^m^-r)b, mzm 

[oo39] m5^<Dm^(d)(D^m^^yv^mm^m6i7!)m^nti^ i/v^mmso 

e)mm) 0 Z.(Djf9^U80\at, 132(^401 ^^-r3?L80X g|2(D?L402^ 
M^-f-^1802, m2mL403icMfo1rttL803^n^tl^lb1]\\JL&thX\^ o 
m^^X, ^V=^>^U50(DmmiMXi^ DEEP-RIE^PX/^f^So U^hm71 
^DEEP-RIE^JPXB#(D^^M^b-C^t^L, T^?bkt<D^ ^PX£ RTlfe^t* 
§ 0 DEEP-RIE^PXm. W^hj^71^^y=^^^61^^§^o 06 
^^(a) i^^BB^^Sra501(Z)^PX^^$tiTV^c§|3^ 
^ov^T{^7^S«80^lJJSi-§MM$|5^^t^S^i!^-J;«9, H2<z>!§«32 

t^^i-^a^52^^$^ o r<D^32^t@^-r§^^52^7^« 
80^^ffi^^^J:<9@^$tL§ o ^(DDEEP-RIE#PX<Z«^ g|2(Dl£§|$31 

lP^cDfit t-t@^-r^t§P51^, |l|2(Dli$|3311^[lJ]^301^(DS|lt(^S^-r§[U]§P5 
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[0040] vt, m6*£(DW&(W \&&ntc£5K, _h#J^lx— J&y&fc^ttltJX&R 

90flSipflt$*v5o ^f^^90^f»C«9^PX-eimgP901 (|2|2©Da*P201l!^B^) 
W^ttT^^,^7^^90(D^®^^M901^^J:5^^902(H2(D7L2 

02^^)^(te>tLTV^ o 06^(Of«(c) fc^&tbfc.fcSfcU 02(D)femB*^ 

21^^i-§^;«B^92^a902^#A@^$tl,§^^^, [UI^901^«3fe 

1 tc*g ^ -rs 3t*ffi#j*^8 1 ^?L8o i ^ , m 2<d mm^i L 42 Km ^ -rs i§ 

«H^82^L802^ H2(D^»iJ^43t^^i-§|^»iJ^83^^L803^, 

vy p )¥-&.x°mttii5tiz>z.tK£V)^ miRxim2K^ntcx^m^mir^ytm 
m2mmm) 

[0042] ^.(Dmm fcmzytm^m m<g<DM2mmM<Dmi£&Birmx»&z> 0 -vm 

[0043] ^(D^2H»!l^*5V>-C, v4>=i^Stk3CXm, 07*©f«(a) K^flf^K 

, m^Mi%^3i<Dm^(Dyibmm32bfemmz&mir%^ 

2tnmm(D^Km n\ mi®&M.mir%mi®3i KDmmRx^m^m^m^m 
m^nM22t>mm^fhx\^ 0 
[0044] z.v>mmz.Ro. m2mmm^%^m^rmmwx^ _h#j^^-^2^*^-r^ 
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MKfafr^XUkMZtlZo %mM22frh(D%'m^-\^ ^«32(it^^oTi^^ 

n-r% & ^<d& xm^ 3 1 1 (DiMmRxiK v ^ km ib) -r%m^ 3 1 1 m (Dm^3oi a 
Kwrnu r-ikm^mmtsnzo ^(Dx^Kim^k^^—^mm^tit^m^mm 
32^mmir^m7^(Dmm(c)mm)o Ei7^«£(c) ku, mmmm<D 
m mm^^-rm 3 Km m -rz mm m nx\ ^„ 

[0046] i(D^3^ife^I^#§3fem^-iif§W-e«, Bl8^^$ttfcJ;5^, 3fc«ffi22#S, « 
: ?-iifg L $P31^A/-e^32^f*^{RlJ<D{RiJM7lx— i^3(Dp ,: 3'(a!IffilJffiraitfe^^TV^ 

[0047] i»*^c^i«9, 03^Jfe^r|lcl#^3fem^it'ftt : -e^, ±#J^-^2£r*£5c1-£ 
^^^«20^»^^LTMii§brt^^itfc7fe«ffi22^^3fem^-^^m^iift 
%$31K\t>}froXtttm£?l%o ^m®22^^(D^;m^-«, ^32^[^^^oTm^it 

31lP^cDfi£|$301a^Sr^U ^m^^rft;*;^ Kit 

0 3 ^ i-« »f b ei tix\ ^„ 

[0048] ±m(Dmi^m3mmm\m^mmmRxi^mm(D^ytm^mm^x^ w*m^ 
^Knm^n^m^m^3ii)mm^u—^3^m^ir^v^mm3otmM^ 
tcvtmx-mm^nx\^ 0 l^uc^ -(Dx^mm-7u-^3tm^-mm^ 

31^««bf c ^X'fi.^«^^§|531^ffl^V-A3^Lfc^»#<D 
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[0049] -^~c\ m4mmMfc%z>ytm*MB i wx^ mmyu-^t-w-m^m^fi 

(Jg5^ifef?!j) 

[0050] ±m<Dmi-m4mmM^m^mmmAx^RMmco^-ytm^-mmwK^^x, 

[0051] HlO^, _bfj*lJ:7V— A2£LTSOI (Silicon On Insulator) S^/^jIffl^S 

icm^^y^^9^m2io±ic±m^v^^m2oo^mu^^M^^-i-^ 

^^*^210<Z)Mffi^gi-§i/y=3^^200)^^^/N^^^^210^[^ 
^^o-C^^-^(Cj;«9m]fR200a. 200b^^^$tL5o ^Xib[H]§B200a, 200b 

«9^m^tvfc^N5/^^f7^s«2io(D— w^^-/^ mmm^^tm^m 
^m^\HiM^^^<^^y^mm2io<Dm±{^mm22mm^ 

[0052] ±.\n^—^2t\,X^V^^U200(DWmm^tzM^, £i\ ffliC^tWcv- 
yr2^t^200(D— ^©Bt, EUl^fS^ta) i^t^m^T 
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